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In a recent paper, Lewis and Sanderson (1)  reported the differences 
in  the  reaction in the lungs of  rabbits  to  intravenous  injections of 
human and bovine tubercle bacilli in doses of 1 rag.  They studied 
the material in  fixed sections, killing the animals  at intervals of 48 
hours  beginning  2  days  after  the  inoculation.  It  was  found  that 
the response was the same to the two strains of bacteria for the first 
8 days, and that then there was a  rapid disappearance by absorption 
of the  tubercles in  the  animals  infected with  the human  strain,  in 
contrast  to  their  continued  progressive  increase  with  the  bovine 
organisms.  On the 2nd day after infection, they found in all animals 
a  marked thickening of the interalveolar septa of the lungs,  due in 
part to congestion and in part to an increase in mononuclear cells of 
the  "endothelial type,"  and  to  polymorphonuclear leucocytes, both 
amphophilic  and  eosinophilic.  They found  small  tubercles present 
from the 2nd to the 4th days. 
We have repeated these experiments with rabbits, using the bovine 
strain  of tubercle bacilli  only, and  making studies of the tissues  at 
intervals of 24 hours for the first 4 days and thereafter every 48 hours 
throughout the acute reaction of the  1st month.  The tissues of the 
lungs, the liver, the spleen, the mesenteric lymph glands, the omentum, 
and  the bone marrow were studied routinely in  the fresh, with the 
supravital  technic,  before fixation. 
The Lungs. 
24 hours after the injection of the bacilli (R 115) ao increase in the free cells 
that come from a gentle scraping of the fresh cut surface of the lung could be 
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detected.  As  in  the  normal,  the  free  cells  present  were largely of two  types, 
clasmatocytes and monocytes, though there were already present occasional true 
epithelioid cells,  and areas of primitive cells  (2)  with typical mitochondrial dis- 
tribution  and  no reaction  to neutral  red.  Examination  of representative  areas 
near the hilum of the lung showed both clasmatocytes and monocytes with the 
usual phagocytosis of carbon, the former containing it in large masses, the latter, 
together with an occasional epithelioid cell,  storing it in fine scattered granules. 
While these types of cells were found in relatively the same proportions in other 
parts of the lungs, notably the apices,  the  content  of carbon was quantitatively 
less.  The polymorphonuclear leucocytes were present in numbers only representa- 
tive of the circulating blood in the organ. 
At 2 days (R 116 and R  215),  just  as  Lewis and  Sanderson  found,  there  was 
an  increase  in  free cells  due  in large part  to clasmatocytes.  "Ihe preparations 
all showed an excess  of debris and, perhaps correlated with this,  an increase of 
leucocytes.  Some primitive cells  and monoblasts, many very young monocytes, 
an  occasional epithelioid  cell,  and  lymphocytes were present.  At  72  hours  (R 
120)  there  were many more small  lymphocytes than  previously seen,  but with 
ciasmatocytes  still  predominating  in  the  large  mononuclear group.  From  the 
apex  was  revealed  an  area  of typical  epithelioid  cells  covering about  four  oil 
immersion fields  in the microscope, the first appearance of associated epithelioid 
cells,  the  earlier  reaction  being  manifested  in  scattered  individual  cells  only. 
This beginning formation of tubercles was confirmed in the stained sections of the 
fixed  tissue. 
On the 4th day (R 216)  the reaction had become predominantly monocytic; 
many young monocytes were found together with  epithelioid  cells  and  typical 
giant cells  of the Langhans type, and certain of the epithelioid cells  showed the 
beginning development of refractile, fat bodies in the periphery.  In certain areas 
the clasmatocytes loaded with massed debris still were very numerous.  In supra- 
vital surveys, at least, it seems essential, in describing the reaction of the tissues 
to tubercle bacilli,  to differentiate  two types of large mononuclear cells.  While 
present  together in all preparations,  epithelioid  cells  and clasmatocytes tend to 
react ultimately so differently to neutral red, their concentration of vacuoles and 
debris is so dissimilar,  and their varying percentages in the course of the develop- 
ment of the special pathology of the disease  is so striking,  that  it  is  found con- 
venient and necessary to differentiate them in the attempted  description of  the 
pathological lesions  and  their progress.  This  will  be discussed  in detail  in  the 
latter portion of the paper. 
From the 6th to the 18th days (R 217, R 218, R  227, R 228, R 229, R 230, and 
R  231)  the lungs showed an  ever increasing limitation  of air-containing alveoli 
coincident  with  a  progressive  consolidation  with  epithelioid  and  giant  cells. 
Always  there  were  present,  however,  many young monocytes; at  least  in  one 
interpretation,  the sine qua non, the source and origin of the increasing epithelioid 
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throughout this period, there was evidence of abnormal desquamation of bronchial 
and alveolar epithelium in the supravital spreads. 
The Liver. 
No reaction was noted in the liver until the 6th day after intravenous infection, 
when  a  few  scattered epithelioid cells  and one typical giant cell were found in 
the supravital surveys.  The Kupffer cells appeared normal in number and activity. 
On the 10th day was noted a decided increase in number and activity of the Kupffer 
cells,  some fields  showing 18 to 20 cells  of this type.  There were present many 
monocytes and occasional epithelloid cells.  In one area there was a circumscribed 
group of  10  to  12  stimulated  monocytes looking like  a  young tubercle.  Only 
limited  localizations of epithelioid  cells  have  been observed  in  the  liver of the 
rabbit  under  the  conditions  of this  experiment  during  the  1st  month after  in- 
fection. 
The Spleen. 
The spleen  revealed nothing abnormal in the supravital  surveys for the first 
72 hours.  On the 4th day, however, this organ was definitely enlarged (weight 
1.5 grn.),  the lymphoid follicles  standing out sharply on the slightly bulging cut 
surface.  The clasmatocytes were increased in number; no epithelioid cells  were 
found.  On the 6th day the weight was 1.7 gin.  On the 8th day there were found 
primitive cells which were interpreted as monoblasts, and the sections of fixed ma- 
terial on the 6th and 8th days showed a few initial small loci of epithelioid cells.  At 
10 days, the weight of the spleen was 3.1 grn.; color, deep red; acute splenic tumor, 
with  sinuses  engorged with  blood.  Supravital  studies  at  this  time  showed in- 
creasing monocytes with typical epithelioid cells; clasmatocytes in large numbers 
contained their  usual  complement of red cells  plus much finer debris.  On  the 
12th day were found scattered everywhere small clumps of epithelloid cells  (spleen 
weight  3.2 gm.) in addition to the clasmatocytes heavily engorged with all kinds 
of red cell debris.  Sinuses were" dilated with blood. 
The spleen at 14 days weighed 4.9 gin., being dark maroon in color.  The clas- 
matocytes showed marked  phagocytosis of both red and white  cells,  indicating 
an injury predisposing the latter to ingestion.  A few scattered clumps of epithe- 
lioid cells  were present; sinuses congested. 
On the 16th day the spleen weighed 3.5 gm., was a  deep red, and presented a 
moist cut surface.  There were from three to five epithelinid cells per oil immer- 
sion field  and numerous typical giant ceils; the lymphoid tissue appeared to be 
relatively  less  in  amount,  some myelocytes were seen,  and  an  occasional large 
megacaryocyte with massive cytoplasm was observed; the usual clasmatocytes, 
highly phagocytic, were prominent.  On the 18th day the spleen weighed 4.2 gin. 
From the 4th day after  infection all  rabbits  surveyed during the  1st month 
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sinuses,  increased numbers  of actively phagocytic clasmatocytes,  and  from the 
8th to the lOth days increased monoblasts, monocytes, and epithelioid cells,  with 
tubercular foci in limited number scattered both in follicles and parenchyma. 
The Lymph Glands. 
In the  study of the  mesenteric  lymph glands  during  the first  18  days after 
infection,  the  results  have  been  constant.  Beginning with  the  4th  day  these 
glands have all shown a  marked edematous distention due to a  great increase of 
fluid in the lymphatic sinuses.  On section of the fresh gland there was a copious 
flow  of opaque fluid having a  tendency to  coagulate quickly.  The  supravital 
preparations were made by taking a drop of this fluid,  with and without scraping 
the cut surface of the gland, the mount being made as with a  film of blood.  The 
early reaction as revealed by these preparations was wholly clasmatocytic though 
only a few intact phagocytes were found.  In addition to the usual  lymphocytes, 
mostly small,  there were great  masses  of extracellular  stained  debris,  identical 
in appearance with that found in the intact clasmatocytes.  In conformity with 
the known fragility of these cells when highly phagocytic, the interpretation that 
there was great activity of the clasmatocytes or endothelium of the sinuses,  and 
that many of these cells had disintegrated,  seems justified  (3). 
On the 6th day there was found for the first time in addition to the above an 
extensive  stimulation  and  development  of  very  large  young cells,  difficult  of 
differentiation between monoblast and lymphoblast at this stage in this environ- 
ment; many oil immersion fields  of the microscope showed as many as 20 such 
cells.  The  rabbits  representative  of the  period  from  the 6th to the  12th days 
presented much the same picture as just described.  On the 12th day, in addition 
to many young monocytes, typical true epithelioid cells were found, both singly 
and in small loci, which finding was typical of the glands examined from this date 
on in the acute period of the disease. 
These  observations  agree  in  general  with  those  of Kageyama  (4)  who made 
studies of the lymph glands of mice after intraperitoneal inoculation.  He found 
the  tubercle  bacilli  free  in  the  sinuses  after  5  minutes,  and  within  the  lining 
endothelial cells  in 15 minutes.  These endothelial cells rounded up and became 
free and within 2 hours could be shown to be filled  with bacilli.  The cells  died 
in from 6 to 18 hours, the leucocytes then coming into activity.  The leucocytes 
in turn died and were phagocytized by new histiocytes; after the disintegration 
again of the latter no bacilli could be stained.  Only after the 7th day were the 
epithelioid cells of tubercles found, containing very few bacilli. 
These combined observations indicate  the marked phagocytic activity of the 
clasmatocytes for tubercle  bacilli,  the  fragility of the  cells,  but  their  apparent 
power in at least  destroying the acid-fast characteristic of the organism.  Also, 
in  contrast  to the lung,  the late  development of tubercles  in  lymph  glands  is 
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The  Omentum. 
The omentum lends itself admirably to supmvital surveys, because  the rela- 
tionships  of all cells are maintained in the thin films of this tissue,  which  it is 
possible to make on slides prepared in the usual manner.  Until the 4th day the 
omentum showed  only the usual clasmatocytic and fibroblastic  distribution of 
cells.  On the 4th day there  appeared in addition a  few, scattered, young, de- 
veloping monocytes, and the clasmatocytes from this stage on showed increased 
phagocytic activity and were predominant in their numerical  strength up to 12 
days.  On the 8th day many clasmatocytes in the omentum contained acid-fa~t 
debris.  On the 14th day epithelloids had appeared among the increasing mono- 
cytes and definite aggregations of epithelioid cells in tubercles  were found on the 
16th day. 
The  Bone  Marrow. 
The reaction of the bone marrow is  initiated on the 8th to 10th days by the 
development of large  numbers of young monocytes in situ,  followed from the 
12th to the 20th days by an increasing encroachment on fat ceils and hemopoietic 
loci by typical tubercular tissue.  This process is followed in detail in an earlier 
paper in this Journal (5). 
Thus it will be seen that with the intravenous portal of entry the initiation of 
the tubercular process in the lungs definitely antedates that observed in the other 
organs  of the body as analyzed in  these supravital surveys and  confirmed  by 
study of fixed sections.  The first epithelioid  ceils are found in the lung within 
24 hours after the injection of tubercle bacilli but not until the 6th to the 14th 
days in the other tissues studied.  The earliest  and most obvious reaction in all 
organs  is  the  elasmatocytic response,  and  the  development of  the  tubercular 
tissue, epithelioid and giant cells, is always preceded or accompanied by a stimu- 
lation of monobiasts and young monocytes, apparently in situ. 
There  is  at  present  much  difference  of  opinion  concerning  the 
phagocytic  mononuclear  cells,  the  prevailing  idea  being  that  they 
constitute a single strain.  The recent studies by the method of tissue 
culture by Carrel and Ebeling (6), and by Lewis and Lewis (7)  have 
brought  strong support  to  this view. 
Carrel and Ebeling studying monocytes from the blood and macro- 
phages  from the  connective tissues  found that  the  monocytes taken 
directly from the blood of the  animal  were smaller than  the macro- 
phages but that this distinction disappeared with proper nourishment 
in tissue culture; that monocytes and macrophages grew well with the 
same  nutrient  elements  in  contrast  to  fibroblasts;  that  they  were 632  INFECTION  WITH  BOVINE  TUBERCLE  BACILLI 
equally affected by certain toxic agents; and that they had the same 
type of actively waving surface films.  From these common proper- 
ties they have concluded that any morphological differences between 
the two types are due to environmentalfinfluences.  Lewis and Lewis 
have  made  extensive  comparative  studies  of  blood  beginning  with 
the fish and have also concluded that monocytes and clasmatocytes 
are a  common strain.  Neither of these studies with  tissue  culture 
has taken into consideration the fact that the desquamated endothelial 
cell, often a  degenerating type it is  true,  but  also  quite as often a 
living,  active cell, is present together with the monocyte in normal 
blood (8).  Moreover, even as blood cannot be considered the source 
of a pure strain of monocytes, neither can the connective tissues be 
considered  the  source of a  pure  strain  of clasmatocytes since  both 
clasmatocytes and monocytes are present in connective tissues.  How- 
ever,  these  experiments with  tissue  culture are  a  great  advance in 
our knowledge of the phagocytic mononuclear cells.  Though there 
is  considerable  evidence to  show that  these two  strains  of cells do 
vary independently in  their response  to  certain pathological  condi- 
tions,  nevertheless  Carrel  and  Ebeling  have  definitely proved  that 
under  the  conditions  of  tissue  culture  they  both  respond  alike  to 
certain stimuli. 
The history of the type of cell now discriminated as the monocyte, 
distinct on the one hand from the granulocyte and on the other from 
the lymphocyte, is a confused one.  The monocyte was first considered 
in the Ehrlich classification as a transition form in the maturation of 
the leucocyte.  This error involved the idea that the specific granu- 
lation of the monocyte was of the neutrophilic type.  The correction 
came with the introduction of the Romanowski methylene blue-azur, 
specifically with the use of azur.  With this technic, it was discovered 
by Michaelis and Wolff (9)  that  both  lymphocytes and  monocytes 
(transitional  leucocytes) contained azur granules.  That the granu- 
lation of the monocyte has no relation to the neutrophilic granulation 
was  fully demonstrated  by  Pappenheim and  Ferrata in  1911 (10). 
The  monocyte was  described as making a  third strain of  the white 
cells  of  the blood,  distinct  from  leucocytes  and  lymphocytes,  by 
Schilling-Torgau in  1912 and  1914  (11), and since then this interpre- 
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However, the literature, particularly the clinical, has continued, even 
to  the present time, to give records of blood  counts  in which mono- 
cytes and  lymphocytes are  recorded together  as  mononuclear cells 
without differentiation.  The confusion attendant upon  the lack of 
recognition of these cell differences clinically may well be illustrated 
in the disease known as infectious  mononucleosis.  Unpublished ob- 
servations by both of the present writers in independent  studies  at 
the Johns Hopkins Hospital  and the  Boston  City  Hospital  confirm 
the  lymphocytic, rather  than  the monocytic,  nature  of  the  mono- 
nuclear increases in this condition. 
The discrimination of lymphocytes and monocytes can be made in 
a  good methylene blue-azur stain.  The cytoplasm of the monocyte 
reacts with a  dense muddy blue color in which are embedded in the 
human strain varying numbers of tiny azurophilic granules (12), not 
identical with the azur granules of lymphocytes, since they are smaller 
and stain darker.  The clearness with which these tiny granules may 
be seen is a good gauge of the success of the stain and the adequacy 
of the lens used.  If the stain he too basophilic, the granules will be 
obscured. 
In the fourth edition of his text-book, Naegeli (13)  states that these 
granules of the monocyte can be seen with dark-field illumination in 
the living  cell.  This  we have confirmed.  Since  the monocyte has 
great  numbers  of  tiny  mitochondria,  however,  it  is  necessary  to 
identify them also  with the dark-field illumination and  to  discrimi- 
nate them from the specific granulation.  If a film of blood be stained 
with neutral red and Janus green and studied with a  microscope in 
which  first  direct  and  then  dark-field  illumination  can  be  applied 
to  the same cell, it is  easy to  demonstrate with a  lymphocyte that 
the  mitochondria,  stained  green,  but  refracting pink  in  dark-field 
illumination, are  the only bodies visible.  By selecting a  monocyte 
in  which there  are  but  few neutral  red  vacuoles and  in  which the 
mitochondria are well stained, the cytoplasm of the human monocyte 
under  the  dark-field  appears  fully  as  granular  as  the  neutrophilic 
and  the  eosinophilic leucocytes themselves.  This  granulation,  seen 
with the dark-field, in the human monocyte is neither the same sub- 
stance as the bodies that react to neutral red in the living cell nor the 
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from the myeloid granulation.  In the monocyte of the rabbit,  there 
is  a  marked reduction of the azurophilic granulation in  fixed films, 
most of the cells showing none at all,  and the granulation visible in 
dark-field illumination suffers a  corresponding reduction.  In a more 
recent review, Naegeli (12) gives a plate of human monocytes showing 
the variations  in  the  content of azurophil  granules  down  to  a  cell, 
representative of the occasional human monocyte, which lacks them 
entirely.  The latter is entirely comparable with the usual monocyte 
of rabbit blood,  the basic muddy blue cytoplasm typical of all cells 
Of  this  type  being  independent  of  species  and  granulation.  With 
reference to this strain of cells in the two species, the peroxidase reac- 
tion  has  been  found  (14)  to  parallel  the  azurophilic  granulation 
qualitatively and  quantitatively,  the majority of human monocytes 
giving a  positive oxidase  reaction,  the  opposite  being  true  of  the 
rabbit monocyte. 
An adequate and assured discrimination between lymphocytes and 
monocytes became much easier with the introduction of the supravital 
technic for the study of blood (15).  When attention was focused on 
living blood cells studied in their reactions to neutral red and Janus 
green, distinctions between these two strains of cells, other than those 
above  mentioned,  became  clear.  The  lymphocyte is  characterized 
by  a  clear  cytoplasm in  which  are  many mitochondria  and  a  few 
scattered vacuoles, which stain in neutral red, and which vary greatly 
in number and size according to the activity of the cell; these vacuoles 
in  fresh  preparations  of normal  blood  are  often  entirely absent  in 
the  small  forms.  The  nucleus  is  seldom  round,  but  changes  con- 
stantly in shape, especially as the cell moves.  The type of motility 
is  characteristic,  and  like that  seen in  no other cell;  the nucleus is 
always in the front end of the moving cell and changes so rapidly in 
shape that it seems to take an active part in the locomotion of the cell. 
The monocyte, on  the other hand,  both of human  and  of rabbit 
blood, shows a rosette of neutral red bodies of a uniform salmon tint, 
and great numbers of tiny mitochondria.  The color and nature of the 
vacuoles  reacting  to  neutral  red  are  identical  in  all  species,  their 
relative number on]y influencing the  sharpness  of definition of  the 
clearly maintained centrosphere.  In the specific reaction to tubercu- 
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tissues  are indistinguishable  in  their  characteristic reaction  to  vital 
dyes, while obeying the  species response  to  the peroxidase reaction 
(14); rabbit epithelioid, oxidase-negative, human epithelioid, oxidase- 
positive.  The cells in locomotion are stretched out often in triangu- 
lar  shape;  there is  a  slow progression  with less  active  streaming of 
particles  than with  the granulocytes; in  the  supravital  technic,  the 
surface films do not have as free play, due to  the narrowness of the 
space between slide and  cover-sliD,  as in the tissue culture prepara- 
tions.  These distinctions of motility are fully demonstrated in  the 
moving pictures  of  Carrel,  Ebeling,  and  Rosenberger. 
Thus,  in  the history of the study of the blood  the monocyte was 
first confused with the neutrophilic leucocyte, this error being gradu- 
ally corrected when it became clear that the monocyte never developed 
a  neutrophilic granulation.  The monocyte then came to be regarded 
as indistinguishable from the lymphocyte.  But the azur granules of 
lymphocytes are  large,  few  in  number,  and  inconstant,  while  the 
azurophi]ic  granules  of  the  human  monocyte are  tiny  and  usually 
extremely numerous;  the  degree  of  basophilia  of  the  cytoplasm  is 
distinguishing; and the living cells show a  different type of motility 
and  react characteristically to  the  supravital  dyes.  Then,  too,  the 
differential response in pathological states has further separated  the 
types (16). 
We are now in a  third stage in the history of the monocyte in its 
struggle for recognition as an entity, when it is by some regarded as 
identical with the clasmatocyte of the connective tissues.  It is clear 
that in the present day study of the mononuclear cells,  the first step, 
as in the past, must be the effort to see if there are freer morphological 
discriminations by which different types may be distinguished,  and, 
then, to see if such criteria may be of aid in finding out and analyzing 
any differential response of these cells in physiological and pathological 
conditions. 
The morphology of  a  cell with  such  a  wide range of phagocytic 
activity as the clasmatocyte must be varied.  The cytoplasm of the 
clasmatocyte stained in methylene blue appears as a faintly basophilic 
thin  film  (8)  in  contrast  to  the  dense  cytoplasm of  the  monocytic 
strain.  This contrast is shown in Figs. 8 and 9, which are clasmato- 
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a giant cell of the Langhans type.  The cytoplasm of the clasmatocyte 
has  no  specific  granulation  except  for  substances  phagocytized. 
Hence, when granules are present, they may be of any size from tiny 
points to whole included cells, and  they may react with any of the 
shades of the dyes used, according to the original nature of the sub- 
stances taken in or the  state of digestion in  which they are found. 
Likewise,  in  the  supravital  technic,  the  clasmatocytes vary  all  the 
way from a  small cell with a  few vacuoles stained with the neutral 
red up to enormous cells engorged with whole cells and debris. 
In general, there are  two  groups of clasmatocytes: first,  the con- 
stantly  active  phagocyte of  certain  organs,  the  derivatives  of  the 
so  called  specific endothelia, namely of  spleen,  lymph  glands,  bone 
marrow, and liver; and secondly, the normally less active phagocytes 
of the general connective tissues. 
With the supravital technic we have found that the normal mono- 
cyte of the blood and the resting clasmatocyte of the tissues (Fig. 3) 
are  readily  discriminated  by  the  nature  of  the  stained  vacuoles. 
This much might be granted under either concept of their relation- 
ship, whether they are to be considered as different strains or simply 
as different phases of the same strain  of cells.  The vacuoles of the 
monocyte of the blood show a  uniform salmon-red reaction to  vital 
neutral red and they form a  relatively permanent rosette around the 
centrosphere of the cell. 
In  the unstimulated clasmatocyte of the tissues,  the vacuoles are 
not in a rosette but are scattered throughout the cytoplasm, and they 
may stain red, or orange, or yellow; moreover when the cell is watched 
in the supravitalpreparation, there is usually a tendency for the color, 
if originally red,  to change toward yellow.  When  the monocyte is 
watched in the supravital film, the red color of the vacuoles tends to 
be retained persistently even to a stage of degeneration which involves 
a  destruction of the  cell membrane.  This phenomenon is  not  seen 
unless the dye is in a  concentration that is differential. 
A  dilution of vital neutral red to be discriminatory must be care- 
fully adjusted.  Fortunately, in normal blood,  there is an  excellent 
standard for the optimum range of neutral red as an indicator;  the 
eosinophilic granules should show the alkaline or yellow reaction of 
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extreme with the deep scarlet of the acid end, pH 6.8; the vacuoles of 
the monocytes should give the salmon shade of an intermediate pH. 
In rabbit blood with the high percentage of basophils and sufficient 
eosinophils, the standardization is readily made.  Most of the neutral 
red in use gives a  yellow tone modified by a  coppery tinge for the 
eosinophilic granules.  A perfect dye has only the yellow tone.  Oc- 
casionally two different eosinophils in a  drop of blood vary slightly 
in their reaction to the dye.  The basophils must have the brilliant 
scarlet reaction.  If the concentration of the neutral red is too great, 
every substance that reacts at all in the cells will be a  deep uniform 
red.  Usually in such a  preparation  a  lessened motility of the cells 
will also indicate a toxic reaction of the dye.  In a dilution that brings 
out the entire range of color from red to pure yellow, the vacuoles of 
the monocyte and epithelioid cell are distinctly and uniformly within 
the acid range of the dye but never as sharply scarlet as the reaction 
of  the  basophilic  granules.  We  have  described  the  characteristic 
shade of the vacuoles of the monocyte as a salmon-red.  In becoming 
the epithelioid cell the vacuoles may assume a uniform carmine tone, 
as is shown in Fig. 2.  The clasmatocyte on the other hand quite as 
characteristically shows every range of color of the dye in the same 
cell, often all shades being present.  The clasmatocyte of Fig. 5 shows 
the orange and yellow tones. 
Because the shade of the dye in  the vacuoles of digestion of the 
clasmatocyte frequently changes from the varying tones of red through 
orange to pure yellow while the cell is watched, the question is raised 
as to whether this change may not represent a  physiological process 
fundamental to this type of cell, indicating that  the  development of 
a  relatively alkaline reaction may be essential to the digestive proc- 
esses of the vacuoles.  On the other hand, this change in  color may 
be only the less significant step in a  process of degeneration and cell 
death.  If the latter be true, then monocytes do not tend to degenerate 
in this manner. 
Often the clasmatocytes show the yellow reaction of the vacuoles 
when first taken from the animal.  This was conspicuously the case 
with the stimulated clasmatocytes of the lung the first 3 days after 
the  injection of  tubercle  bacilli.  These  contrasts  are  well  seen  in 
cells of Figs. 1 to 3.  Figs. 1, 2, and 3 are a  fibroblast, an epithelioid 638  INFECTION  WITH  BOVINE  TUBERCLE  BACILLI 
cell, and a  clasmatocyte taken from the omentum of a  rabbit, R  160, 
which had  received twelve doses of a  phosphoIipin,  designated  A-3, 
isolated from human tubercle bacilli by Dr. R. J. Anderson.  The full 
account of the experiment is given in an accompanying paper in this 
Journal (3).  The three cells, Figs. 1, 2, and 3, were in the same field; 
the fibroblast was in the middle and the other two were not more than 
the diameter of two red ceils apart.  The red cell of Fig. 4  gives the 
magnification.  The  fibroblast  was  unstimulated  and  showed  no 
reaction  to the neutral  red.  The epithelioid cell of Fig.  2 is typical; 
it is the type of cell characteristic of the lesion of tuberculosis itself, 
in  this instance produced in  response  to  a  chemical factor from  the 
bacillus.  It  shows the  carmine  reaction  of the  tiny vacuoles of the 
rosette and this color showed no tendency to fade on standing.  The 
clasmatocyte,  Fig.  3,  is  the  typical  long  cell  characteristic  of  the 
resting  type to  be seen in  the  normal  omentum  and  in  the  general 
connective  tissues.  When  this  cell  was  first  seen,  its  vacuoles had 
considerable red but the epithelioid cell was drawn first and by that 
time  all  the  vacuoles of the  clasmatocyte  were yellow as  shown  in 
the  drawing  and  yet  there  was no  indication of any damage to  the 
cell.  The omentum provides perhaps the best material for supravital 
studies in  the early stages of a  peritoneal irritation,  because it is so 
thin a film that one can, so to speak, dissect the entire thickness with 
the  focusing screw of the  microscope,  and  because the  cells  are  re- 
tained  in  their  original  relative  positions.  The  position  of  these 
three  cells,  all  within  one oil immersion  field of the microscope and 
all three showing a different reaction to an identical  concentration  of 
the same dye, is evidence toward the view of a  differentiation  of the 
cells of the connective tissues in an environment that must be essen- 
tially the same for each.  It is difficult to imagine any great difference 
in environment  between these three cells as far as soluble factors are 
concerned.  The  phospholipins  of  the  experiment  were not  in  solu- 
tion  but in  the form of an  emulsion,  but  there  is  evidence that  the 
clasmatocytes also take in lipoids.  If, then,  both types of cells take 
in  the  lipoids,  it  appears  that  they  treat  this  material  differently. 
The  cell  of  Fig.  5  was in our  interpretation  a  clasmatocyte from 
the circulating  blood of a  rabbit,  K  193.  This ardmal  was one of a 
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of Strain B1, which had been growing for 2 months and proved to be 
largely attenuated.  The signs of tuberculosis were slow in develop- 
ing; there was no anemia in a month, and in only two of the animals 
was  there  any  increase in  monocytes in  the  blood.  The  constant 
reaction of the blood during the  1st month to  an  active culture oi 
this  strain  (B1)  has  been  reported in  another  communication  (5). 
A  second dose of  2  rag.  from a  fresh culture of the same strain  of 
bacilli was given 1 month after the first injection.  The next morning 
five of the six animals were dead; two of them were still warm so the 
living cells could be studied, and the reaction in all the tissues with 
the supravital technic was of the clasmatocytie strain.  In the sixth 
animal, that survived, there was a  rise in clasmatocytes to  1600 per 
c.mm. on the next day, there were 1200  cells too far  degenerated to 
be  classified, while  the monocytes showed  only  800  per  c.mm. of 
blood.  The cell of Fig. 5 was drawn during this rise (see Chart 5 of  a 
preceding paper  (5)).  It  will  be  noted  that  the  cell  was  heavily 
vacuolated with orange as  the predominating shade, and  during all 
the time that the cell was being drawn the color was changing toward 
the yellow tones.  This slide was kept for 3 to 4 hours and the mono- 
cytes still  retained  their red vacuoles long after all color had faded 
from the clasmatocytes and  they had  disintegrated.  We have dis- 
cussed elsewhere (8)  the fragility of ,the clasmatocytes in supravital 
preparations and their tendency to a  sudden bleaching of all color at 
the time of the death of the cell.  In this series of experiments, every 
lymph gland studied in the acute reaction to  a  massive injection of 
tubercle bacilli  showed  debris  which  had  probably  come from  the 
disintegration of clasmatocytes.  The debris found in fresh scrapings 
of the lungs 2 days after inoculation may have been from the same 
source since the only marked increase in cells at that time was in the 
clasmatocyfic strain.  An excess of cellular debris is also frequently 
found in the peripheral blood of the rabbits during tuberculosis. 
In the reaction to neutral red, the monocyte shows an almost uni- 
form color of the vacuoles in a given cell and the shade is of a salmon 
tint which may become a  carmine tone in  the tiny vacuoles of the 
epithelioid cell.  The color of the vacuoles of the clasmatocyte varies 
all the way from red to yellow in one cell, and there is every possible 
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cells.  It is dear, then, that while there is an overlap in color reaction 
of these two strains toward the acid range of the dye, only the clasma- 
tocyte tends toward an ultimate alkaline reaction. 
It has been brought out  by Lewis (17)  that  the arrangement of 
vacuoles in a rosette around the centrosphere can be observed in the 
clasmatocyte  as  well  as  in  the  monocyte.  This  is  certainly  true. 
It is also well known that at a certain stage in the development of the 
granulocytes, the neutrophilic, eosinophilic, and  basophilic granules 
are arranged so as to accentuate the centrosphere.  This is, however, 
a  transient stage in the development of the leucocyte but this phase 
will be seen in the blood whenever conditions bring slightly less mature 
leucocytes from  the  bone  marrow.  In  studying living cells  taken 
directly from the animal, a rosette formation is the exception for the 
clasmatocyte  and  the  rule  for  the  monocyte.  Moreover,  in  the 
epithelioid cell  of  the  tubercular  process,  the  rosette  formation of 
the  neutral  red  bodies  becomes  the  constant,  chief  morphological 
characteristic of the cell. 
In an earlier paper in this Journal (5), we recorded the finding of 
clasmatocytes in the bone marrow filled with acid-fast  debris as the 
epithelloid  cells  of  the  local  tubercular  process  degenerated  spon- 
taneously.  These cells were of the type of the branched adventitial 
cell of Marchand, stretched along the vessels so that of their identity 
with the clasmatocyte or macrophage strain  there was no question. 
In Figs.  6  to  9  is  shown the contrast between the reaction of the 
clasmatocytic and the monocytic strains to tubercle bacilli as stained 
by  the Ziehl-Neelsen technic.  Figs.  6  and  7  are of the monocytlc 
strain.  Figs. 8 and 9 are clasmatocytes.  Figs. 6, 7, and 8 are draw- 
ings made with the camera lucida of cells  from a  scraping from the 
lung of a rabbit (R 216) 4 days after the injection of tubercle bacilli. 
All three were taken from adjacent fields in  the same preparation. 
Fig.  6  is  a  young epithelioid cell  containing seven intact  tubercle 
bacilli.  The cytoplasm stains a  deep blue with the methylene blue 
of the counterstain and is exactly like the reaction of the cytoplasm 
of the giant cell, Fig. 7.  In marked contrast is the pale, foamy, and 
much vacuolated  cytoplasm of  the  clasmatocyte,  Fig.  8,  with  one 
large round nucleus.  In the giant cell there are at least three nuclei, 
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In the two clasmatocytes, on the other hand, Fig. 8, from the lung, 
and Fig. 9,  from the omentum, of another rabbit of the same series 
(R 218) killed 8 days after the injection of the bacilli, the reaction is 
entirely different.  The cell of Fig. 9  is the same type as  the long 
clasmatocyte from the omentum shown on the same plate as Fig. 3. 
In both Figs. 8 and 9 are shown acid-fast fragments, the cell of Fig. 
8  being  the  key  because  it  has  tubercle  bacilli  apparently  in  the 
process of fragmentation.  In  the omentum from which the cell of 
Fig.  9  was  drawn,  it  was  not  simply the  occasional  clasmatocyte 
which showed this reaction, but there were wide zones in which every 
clasmatocyte contained the acid-fast debris.  Likewise, in the sections 
for bone marrow which have shown this reaction, it has not been the 
occasional  clasmatocyte  which  contained  the  specific  debris,  but 
numerous cells throughout the section. 
The  occurrence of  acid-fast  granules in  tubercular  tissue  is  well 
known to the pathologist though it is not regarded as sufficient evi- 
dence for a diagnosis of the disease in the absence of, or in the failure 
to find, the actual intact bacilli, but we are bringing evidence to show 
that they may be significant in the analysis of how the organism deals 
with  a  tubercular  infection.  Our  observations  indicate  that  there 
is a  certain difference in the response of two closely allied strains of 
mononuclear  cells  to  this  specific  pathological  agent;  that,  while 
both clasmatocytes and monocytes are, under appropriate conditions, 
highly phagocytic types, the one  form tends  to  break  up tubercle 
bacilli and the other type retains them intact and alive with reproduc- 
tive multiplication for long periods of time. 
In these studies it appears that the immediate major response of 
the connective tissues to  the infection of tuberculosis involves two 
strains  of  cells,  clasmatocytes  and  monocytes.  The  more  chronic 
response  of  the  lymphocytes is  well  known  through  the  work  of 
Murphy (18).  The clasmatocytes are the macrophages of the general 
connective tissues and respond to  the presence of large numbers of 
tubercle bacilli as to any other debris or foreign material, phagocytizing 
and fragmenting with the attempt to  destroy vast numbers of the 
bacilli.  There is evidence that  in  this process many clasmatocytes 
are  themselves  destroyed.  During  an  infection  with  tuberculosis 642  INFECTION  WITH  BOVINE  TUBERCLE  BACILLI 
great numbers of clasmatocytes containing acid-fast  debris may be 
found in the tissues. 
With  the monocyte, on  the  other  hand,  the  infection exerts  an 
influence  whereby  this  cell  becomes  the  typical  epithelioid  type, 
eventually making  the  characteristic  lesion  of  the  disease;  in  the 
epithelioid and giant cells the tubercle bacilli remain intact and appar- 
ently survive over long periods of time.  The epithelioid cell appears 
in the lung within 24 hours after the injection of the bacilli, which 
is correlated perhaps with the observation that in the lung normally 
at all times are to be found numbers of mature monocytes.  In other 
organs, this normal presence of monocytes is limited, and may repre- 
sent one of the factors in organ susceptibility; the normal number of 
monocytes or the degree to which monoblasts may be stimulated to 
development  and  maturation,  together  with  the  activity  of  the 
clasmatocytes in  destroying bacilli,  in  any particular  region would 
appear to be a function of the rapidity and extent of the local tuber- 
cular involvement. 
SUMMARY. 
1.  The  early  reaction  to  intravenous  tubercular  infection in  the 
various organs of the rabbit reveals a pathognomonic response in the 
lungs within 24 hours; the specific response in the liver, spleen, lymph 
glands, and bone marrow, follows from the 6th to the 14th days. 
2.  The development and extent of the pathologic process has been 
analyzed in terms of the activity of monocytes and clasmatocytes. 
3.  The  criteria  for  differentiating  these  mononuclear phagocytic 
cells into two strains have been analyzed and the technics discussed. 
4.  The clasmatocyte phagocytizes tubercle bacilli freely and frag- 
ments them, as it does all cellular and other debris. 
5.  The  monocyte  stimulated  to  metamorphose into  the  typical 
epithelioid and giant cell of the Langhans type retains the tubercle 
bacilli intact, with power to survive and multiply, over long periods 
of time. 
6.  The normal number of monocytes or the degree to which mono- 
blasts may be stimulated to development and maturation, together 
with  the activity of the clasmatocytes in  destroying bacilli,  in  any FLORENCE R.  SABIN AND  CHARLES. A.  DOAN  643 
particular region,  would appear to be a function of the rapidity  and 
extent of the local tubercular involvement. 
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EXPLANATION OF PLATE 25. 
FIo. 1.  Fibroblast from the omentum of a  rabbit, R  160, which had received 
ten intraperitoneal doses of 80 rag. and two of 160 nag. of a phospholipin  desig- 
nated A-3, isolated by Dr. R. J. Anderson from human tubercle bacilli, Strain H 
37.  The peripheral blood from a  similar  experiment is shown  on  Chart  4  (R 
153) in a paper in this Journal (3).  The cells of Figs. 1 to 4 were from the same 
preparation and were all within the same oil ~mmersion field.  Drawn from the 
living cell stained supravitally with neutral red.  The magnification  is shown by 
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FIG. 2.  Epithelloid cell from the same preparation as Fig. 1.  The color of the 
reaction of the rosette to neutral red, namely carmine, was carefully matched. 
FIG. 3.  Resting  clasmatocyte from  the  same  preparation  as  Figs.  1  and  2. 
The vacuoles in the preparation when first seen had some red tones of the  dye, 
but were all yellow, as shown, by the time the epithelioid cell of Fig. 2 had been 
drawn. 
FIG. 4.  Red cell for the magnification of Figs. 1, 2, 3, and 5. 
FIG. 5.  Clasmatocyte from the peripheral blood of a rabbit, R  193.  The studies 
of the blood of this animal are shown on Chart 5, in a  paper in this Journal (5). 
The cell was drawn on  March 22,  1927,  24 hours  after the second intravenous 
injection of bovine tubercle bacilli, when  there were  16 per cent clasmatocytes, 
12 per cent degenerating cells, and 8 per cent monocytes in the circulating blood. 
Drawn from the living cell stained with vital neutral red.  The magnification is 
about the same as that of Figs. 1, 2,  and 3. 
FIo. 6.  Epithelioid cell with seven intact tubercle bacilli from a scraping of the 
cut Surface of the lung of a rabbit, R  216, 4 days after an intravenous injection of 
5'rag. of living tubercle bacilli.  Stained with Ziehl-Neeisen technic for tubercle 
bacilli.  The cells of Figs. 6, 7,and 8 are all from the same slide; were drawn with 
the camera lucida, magnification 1700,  with the reaction to the methylene blue 
carefully matched. 
FIG. 7. Giant cell of the Langhans type from the lung, showing many intact 
tUbercle bacilli.  Drawn from the same slide as the cell of Fig. 6. 
Fla. 8.  Clasmatocyte  from  the  lung,  showing  many  tubercle  bacilli in  the 
process of fragmentation.  From the same preparation as Figs. 6 and 7. 
FIG. 9.  Clasmatocyte from the omentum of a  rabbit, R  218,  8  days after an 
intravenous injection of 5  mg. of living tubercle bacilli.  Fixed in formalin and 
stained with Ziehl-Neelsen technic for tubercle bacilli.  Drawn with the camera 
lucida at a magnification of 1700.  This cell was one of many in the preparation 
to show acid-fast debris. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XLVl.  PLATE  25. 
(Sabin and  Doan:  Infection  with bovine tubercle  bacilli.) 